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Plasma Waves Near Saturn: Initial Results from Voyager I sec. Several major effects, were observed
in the plasma wave data near Titan. Two

Abstrtact. Ihe 'as'age'P I plasmia wavce inrilnncc'n: dcoiiil ted ian' filinicir ile~cl regions of' intense low-f~requency elec-
plin plf cliav do ring the' eici nItir fihi/c Sum,',,. inc /ndinc if: inl-acml i.i tI wacec, and tric-field t urhulence were detected in the
ce' tfroin placnac cisc -llaticnm uipstri'ucin cul /he im. ccc A/u an inlt'imt c' hn,' t vicinity of 'lan (Fig. 2). TIhe spectrum

tclcr'pu .c hc'ciie, teinh hoarc nd Im. uudo hppei, cI/cri iaiicin Cecl nca olent o a tqurblnthativ ch i i region etnd-

1c /1,e li' , illrlitol denlo c/en e(i p/ani '111i% pionia /i'ic carvccc sinc arun e in te 2). 'l'hi turu

(/i cccii fril fn ci lla hI thei intc rccticn cit i/cc'h rccpicdA rif cin~i iiccciti ipicri' ci fence is believed to consist of ion-acou%-
.altn. tic waves driven hy current% and non-

equilibritum plasma distributions in the
Ihe Vo~.cger I encounter %kith Saturn electric field noise occurred in the 5.62- sheath. A pronounced asymmetry is evi-

in Nosember 19901 hit- no~k provided ihe kl-zi channel, probably as at result of dent in the thickness of' the sheath and
first opportunit to investigate plasma either electron plasma oscillations or Lip- the spectrum of the noise on the inbound
ksase interactions in the magnetosphere per hyhrid resonance (UHR) emissions, and outbound passes. Corresponding
of' Satuirn. We nows present an overview In the ouiter regions of' the magneto- asymmetries with almost identical
of' the principal resuilts from the Voyager sphere. the electric field intensities again boundaries are also evident in the mag-
I plasma ssase instrument starting wxith returned ito low levels. No evidence wats netic field signature reported by the Voy-
the initial detection of'Saturn and ending found for trapped continuum radiation ager magnetometer team (4). The initial
about 4 wseeks after closest approach. A comparable to that observed in the mag- intense burst of noise at 0532:301 suggests
murs e\ plot of' the electric field intensi- netospheres of Earth or Jupiter (2). a shocklike interaction at the upstr~lam
ties detected dcuring the Saturn encoun- Manui cencocunter. One of the main tar- boundary of the sheath. Although the
ter is -shossn in Fig. 1. starting shortl\ geting objectives of the Voyager I en- flow is likely to be sub-Alfv~nic. the
before the inbound shock crossing and counter w ith Saturn was a close flyby of' interaction might be a slow-mode shock.
ending shoru!% after the outbocind mag- the moon Titan, which wats inside the At frequencies above 5 kHz. a series
netopaoise crossing. ManN intense \A aes magnetosphere at the time of the en- of narrowband emissions sweeps
wsere observed in the vicinits of' Saturn. counter. TIhe close flyby provided a good through adjacent frequency channels
To pros ide at framessork for presenting opportunity to study the interaction of (Fig. 2). On the basis of the similarity to
the obsersations. the results. are dis- Tlan with the rapidly rotating magneto- narrowl-and upper hybrid emissions ob-
cussed more or less according tot the spheric plasma of Saturn. which flows by served in the magnetosphere of Earth
sequence in which the data wsere ob- at ai nominal velocity of about 2M8 kin! (5), we believe these emissions to be
tained. (The Satucrn radio emissions are
di,cussed last.) The Voyager plasma
wsave instrument has been described pre- CLOSE S7 ELJATOR
VioUSlV byr Scar)' and (iurnett M.) S M TiTAN APPROACH CROSSING M

U~pstrieamn ccc cc'. s/ccicA. anmagcn'c- ',6.2 1-___
icipaic'. During the approach to Saturn, 31.1 -6

the solar wsind upstream of* Saturn was786
remarkably quiet. Occasionally, when -6.0
the proper magnetic connection wsas 5 ,2 A* - __6L

av~ailable ito the boss shock, brief bucrsts -r3. f -
of ion-acoustic waves were detected 78 c- - . -
with characteristics similar to those de- 0 0~-
tected upstream of Jupiters bow shock LI .562__ -
(2). Saturn'% bow shock wits encoun- ' I-0

tered at 2327 spacecraft event time .1 :7H 411 -6
(SUE'!) on I I November at a radial JIM b -

distance of 26.2 Saturn radii (R,.) (Fig. 1).~ -6

A brief burst of electron plasma oscilla- ________________ ~-6
tions occurred ahead of the shock which -
was followed by an intense burst of .0l 1 _________________________________

broadband electric field noise atl the SUT 00 'I' 0000' 120 06010
shock with characteristics similar ito the SCT )0; i0 00 20 000 20
bow shock at Jupiter (2). Downstream of
the shock, the electric field intensities in 8 (IRS) 25 b 0 IS 10 5 3.1 1) 10 I5 20 25 30 35 40 45
the magnetosheath were low. Five mag- NOV[ M~f R P NOVEMBER13 NOVEMBER 14, 1980
netopause crossings were observed on Fig. t. An overview of the electric field intensities detected for a 3-day period starting shortly
the inbound pass with the first and last before the inbound %hock crossings (S) and ending shortly after the outbound magnetopause

occuring t 015 and0248on 12Nove- cinssing (Ut. Strong plasma wave intensities were observedact the Titan fiyb) (shown expandedoccurin at0154and024 on 2 Nvem inFig. 2) and through the inner region of the magnetosphere near closest approach. The intenseher (Fig. 1). At each magnetopause signals in the 3.11-to 56.2-kHz channels about 12W0 on I I November are radio emission% from
crossing. a brief narrowband burst of Saturn.
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at the focal UHR frequency 1i.1 gion of enhanced density, an abrupt on- of temporal fluctuations shows that the
-. \ T+ -7. %here .1. and /. are the set of radio emissions can he seen at radiation associated with Titan has char-

electron plasma frequency and gyrofre- about .542:40 in the 56.2-kH, channel of acteristics different from the typical Sat-
quencv. Since f. -- f,. the UHR emission Fig. 2. The intensity of this radio emis- urn radio emissions.
frequency provides a direct determina- %ion gradually decreases to the instru- Mage'to.%phre. Within the magneto-
tion of the local electron density. ment noise level over a 2-hour period sphere. the greatest plasma wave activi-
N - (1,I(OXW cm '. In Fig. 2. the alifter the Titan encounter fFig. I). Two ty occurs inside about 10 Rs. A detailed
smooth dashed line through the circled inlerprelations of this radio emission plot of the electric field intensities in the
UHR emisions gives our initial determi- have been proposed. The abrupt onset of region near closest approach is Shown in
nation of the electron dcnsity profile the radiation at Titan and the gradual Fig. 3. To interpret the plasma wave
(read from the scale on the left). These decrease in intensity with increasing ra- intensities, we must know,, and 1,. The
measurements show that the peak elec- dial distance from Titan seem t) indicate J, profile ( 28B Hz. where B is the
tron density in the wake of Titan. 40 that Titan is the source. The source magnetic field in gammas) (solid line in
cm .sseveral ordersof magnitudclarg- would then have to be on the Saturn- Fig. 3) can be determined from the mag-
er than the electron density in the sur- facing side of Titan (Fig. 2). The occur- netic field measurements t4). The l, pro-
rounding magnetosphere. - 0.01 to 0.1 rence of intense LJHR emissions on the file is more difficult to determine and
cm '. The high densities in the wake. the same side of Titan suggests that the must be obtained by a combination of
steep density gradients, and the align- generation mechanism may be the same interpretation and comparison with di-
ment of the density maximums with the as continuum radiation at Earth, which is rect measurements (6). For example, the
sheath boundaries suggest that the probably generated by UHR emissions brief bursts of electron plasma oscilla-
spacecraft has passed through a dense at the plasmapause (5). Since Saturn also tions from about 18(M) to 2(XX) on 12
plume of plasma that is being swept emits radio noise in the same frequency November showf 1 between t0 and 17.8
away from Titan by the magnetospheric range. Saturn must also be considered as kHz. Past 2(M0), a band of radio emission
interaction. The density profile of the a possible source. If Saturn is the source, can be seen in the high-frequency chan-
wake disturbance appears to be shifted the abrupt onset at Titan could he a nels with a well-defined low-frequency
about 10' to 200 toward Saturn with propagation cutoff caused by the high cutoff. The cutoff first decreases.
respect to the plasma flow expected for electron density near Titan. Although we reaches a minimum of about 3 kHz at
rigid corotation. have no results that can definitely elimi- 2300 on 12 November. and then in-

Coincident with the exit from the re- nate Saturn as the source, examination creases to about 31.1 kHz at 0131) on 13

4' MA I L 14 RADIAL DISTANCE, RS

10 987 6 54 3.1 45 6 78 910 J2 14

l , ,,,AT, PN-

0~0

8WIDEBAND 
F RAME S

EI56.2 JHR EMISSION

• " -6 >

-6

3.31 0, I
S, HISS AD CHORUS-6"t . -A " L.1 1.7 7

• .03c II____"___________________I__-6_

,At t RAI FMF
a  

RA. EMISSION

1-Iig. 2 he~ft). Equatorial plane protection o) the SE 0 20 00 00 B0 10
spacecraft traljectory near Titan tiop) and the SCT 60 20 000 40 080 20
corresponding electric field intensities (hot- vOYAGER NOVEMBER 12-13, 1980
tomn). T'he intense tow-frequency noise suggests the existence of a highly turhulent sheath region extending around Titan. The etectron densit.
profile idashed tine) delermined from upper hybrid resonance (UIlRI emissions Icircles)I shows, that a dense plume of plasma extends into the
downstream wake. apparenity being carried away by the magnetospheric interaction. The question marks indicate uncertainties about the peak
densities because of the ahsence of measurements above 56.2 kHi. |Iig. 3 (right). The plasma wave etectric field intensities in the region near
closest approach. The dashed line gives the approximate electron plasma frequency Ll4,t profllc derived from a combination of etectron plasma
oscillations, radio emission propagation cutoffs, and LItR emissions. Question marks indicate regions of uncernainty in the profile. The electron
gyrofrequency tht, profile was obtained from the magnetometer. Arrows marked A and B refer to spectrograms in Fig. 5.
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November. when an intense UHR emis- CHORUS, HIS AND t ODNS, T, magnetospheres (9). They tend to occur
sion occurs. This cutoff seems to be at . 10 f Rp'O near half-integral harmonics of the e -
which represents the low-frequency limit - - - - -M tron cyclotron frequency and are identi-
of the free-space electromagnetic mode. - - - - n',- fled in Fig. 3 as (n + 1/2)f, bands. Figure
Although the cutoff provides only an WA 5A s a large number of puzzling
upper limit for the local plasma frequen- ( - bands. Several characteristic frequency
cv. comparisons with the electron densi- 0 X 8 "(9 spacings can be identified, including
ties from the plasma instrument (6) at a I, MY,(0NS - -- -- about 875 Hz. 1.45 kHz. and 3.90 kHz.
few isolated points show that the cutoff AND' None of these band spacings are related

is close to the local .!. The resultingft I.. to the local., which is 25.3 kHz. These
contour is shown by the dashed line in Fig. 4. A meridian plane plot of the spacecraft emissions are believed to be propagatingFig. 3. After about 02(X) on 13 November trajectory showing the regions of tow electron in the free-space electromagnetic mode
it becomes difficult to determine the f. density determined from the electron f,, pro- since they can be detected at the same
profile. The UHR emissions at about file in Fig. 3. The highest electron densities frequency over a wide range of radial

were encountered inside a torus-like region
0500 indicate that .1, is near 31.1 kHz with a north-south thickness of about 4 Rs. distances. In considering the origin ofthen: after 090X01 again drops to 3 kHz these narrowband electromagnetic emis-
or less, as shown by the high-frequency sions, we suggest that they are probably
radio emissions extending down into the nary estimates indicate that the chorus generated by conversion from electro-
3.1 1-kHz channel after this time. and hiss emissions in this region are in static (n + 1/2).4 emissions near the up-

The interpretation of these plasma fre- resonance with electrons of relatively per hybrid resonance, in a way similar to
quency variations is illustrated in Fig. 4. low energy, between I and 5 keV. the generation of continuum radiation in
which shows a meridian plane projection Figure 5B shows another series of the terrestrial magnetosphere (10). If the
of the spacecraft trajectory. Two princi- emissions slightly above.f. 2. and 34.. characteristic frequency spacings corre-
pal effects are noted, namely that ./. and These emissions are electrostatic elec- spond to the electron gyrofrequency inhence the electron density, is very low tron cyclotron waves of the type ob- the plasma torus, the emissions would
(< I cm ') from about 2030 on 12 No- served in both the terrestrial and Jovian originate from about 8.6. 7.3. and 5.2 Rs.
vember to 01(X) on 13 November and
again after 09(X) on 13 November. Under
the assumption that the plasma density ELECTROMAGNETIC BANDS f 25.3 kHz
distribution is symmetrical with respect @
to the rotational axis of Saturn. these IO
variations represent penetrations into N

low-density regions north and south of a X
dense equatorially confined plasma to-
rus. In the central region of the torus. the >-
electron densities range from about I0 to .
40 cm ', which are consistent with the J 5

Pioneer I I measurements of Frank et ul.
(7). The north-south thickness of the r fp
torus is about 4 Rs.

Further identification of the plasma 0
wave emissions in Fig. 3 is assisted by
the 48-second frames of wideband wave- TIME(SEC) 0 10 20 30 40
form data obtained near closest ap- START TIME, 2251:46 SCET, NOVEMBER 12, 1980
proach (Fig. 5). Spectrogram A was ob-
tained at 2251:46 on 12 November. short-
ly before closest approach, and spectro- 10 (n + 1/2) fgEMISSIONS 3
gram B was obtained at 0326:10 on 13 "Z
November. shortly before crossing the
equatorial plane. Both spectrograms 2 fg
show a strong band of noise at frequen- CHORUS AND IS
cies below 2 kHz. in the frequency range 5appropriate for the whistler mode (I' .* .and fJ*--). Spectrogram B shows that fg
this noise consists of discrete tones and a .
relatively steady band of noise that re-
sembles the whistler-mode chorus and 0
hiss emissions observed in the terrestrial
and Jovian magnetospheres (8). In spec. TIME (SEC) 0 10 20 30 40
trogram A. the chorus is completely ab- START TIME, 0326:10 SCET, NOVEMBER 13, 1980
sent and the emission appears to consist
entirely of hiss. The survey plot in Fig. 3 Fig. 5. Wideband spectrograms from points A and B in Fig. 3. A hand of whistler-mode hiss andshows that the whistler-mode emissions chorus is evident in both spectrograms at frequencies below about 2 kHz. In t) the diffuse
reached maximum intensity at about emissions slightly above the . harmonics are electrostatic electron cyclotron waves. Theintense bands at about 6 and 9.6 kHz in (A) are electromagnetic waves propagating in the left-(.410 on 13 November. coincident with hand ordinary mode at frequencies above the local electron f, (2.4 kHz). which was determined
the equatorial plane crossing. Prelimi- through the use of the electron density from the plasma instrument.
1O APRIL. 19 
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Fig. 6. The top panel shows a representative NOVEMBER 11. 980 became possible to detect the radio emis-
Saturn radio emission event. The time scale SCET 0800 1000 100 1400 16 sions at much lower frequencies. some-
corresponds to one rotation of Saturn. The CT4 limes as low as 3 kHz. Figure 6. for
bottom panel shows the emission probability 5'2 kehv

at 56.2 kHz as a function of the subsolar example. shows a typical radio event
longitude, using the PRA Saturn longitude 1 i

6 7 plotted over a time interval correspond-
system (SI 3. kHz ing to one complete rotation. The time

I cT-m ,, -"1 " origin has been selected to correspond to
17.8 kHz the time when the sun is at 00 longitude in

These radial distances are close to the I o6 . the Saturn Longitude System (SLS) (13).
orbits of Rhea. Dione. and Tethys. _ 0.0 kHz The emission is most intense in the high-
which suggests that these moons may be I O6  

- 1 est. 56.2-kHz. channel and lasts for
involved in the generation of the radio , 5.62 kHz about one-half of a Saturn rotation with
emissions. W IQ6  

__ _ maximum intensity when the subsolar
Near closest approach. we also carried I longitude is near 90'.

out a search for lightning-generated FREQUENCY 56.2 kHZ A basic question concerning the radio
whistlers. Many impulsive signals were 30 THRESHOLD emission process is whether the rotation-
detected near closest approach, some of X. 1618 W/M2 Hz al control is caused by a radiation pattern
which can be seen in Fig. 5B. However., / ,-OUTBOUND which rotates with the planet. like a
none of these signals appear to have 20- ', (NOV '3 TO DEC 7) rotating searchlight. or whether the mod-

disprsin chracerisics consstet ~INBOUND
dispersion characteristic% consistent ( TO N 12) ulation is a temporal effect, like a flash-
with whistlers generated by lightning in ing light. These two models can be tested
Saturn's atmosphere. The origin of these U o0 by comparing the phase of the rotational
impulsive signals is still being investigat- i , modulation on the inbound and out-
ed. Other possibilities being considered bound passes. If the modulation is
include Doppler-shifted ion-acoustic o ___ caused by the searchlight effect, the
waves, electrostatic discharges on the ' 90o 80o  270* 360' phase should shift by an amount corre-
spacecraft. and spacecraft-generated in- SLS LONGITUDE OF SUBSOLAR POINT sponding to the angle between the in-
terference, bound and outbound trajectories project-

During the outbound pass through the with Saturn. the Planetary Radio Astron- ed into the equatorial plane, which is
high-latitude region of the magneto- omy (PRA) team identified strong non- about 135'. The rotational modulation
sphere, the intensities again dropped to thermal radio emissions originating from for the inbound and outbound passes is
low levels. No indication was found for Saturn's magnetosphere (13). These ra- illustrated in the bottom panel of Fig. 6.
intense low-frequency continuum radia- dio emissions are most intense in the The absence of a phase difference be-
tion of the type observed in the magneto- kilometer wavelength range and are tween the inbound and outbound passes
tail of Jupiter (2). The main effect of strongly controlled by the rotation of implies that the control is a temporal or
interest in the high-latitude magnetotail Saturn. The rotational period was deter- clocklike effect, in which the radiation is
is the intense low-frequency electric field mined to be 10 hours and 39.4 minutes. emitted simultaneously over a wide
noise evident in Fig. I from about 1930 to Because the peak in the emission spec- range of directions at a particular phase
2400 on 13 November. This noise resem- trum occurs slightly above the frequency of Saturn's rotation. Because of the very
bles the broadband electrostatic noise range of the plasma wave instrument, small tilt of the magnetic dipole axis of
observed along the auroral field lines in these radio emissions were not regularly Saturn with respect to the rotational axis
the terrestrial magnetosphere (11. This detected in the plasma wave data until (4, 14). the origin of this pronounced
noise also occurs at L-values consistent about 6 weeks before closest approach. rotational control is difficult to under-
with the observed location of the aurora Initially. the signals were detected only stand. We think it most likely, for exam-
at Saturn (12). in the highest frequency channel. As the pIe, that the modulation is caused by a

Saturn radioP emissions. Several spacecraft approached Saturn, however, high-order distortion of the magnetic
months before the Voyager I encounter the intensities increased rapidly and it field near the planet, but the mechanism

- 56.2 kHz NOVEMBER 5-21, 1980

E

H-J 270*

< 90. .

DAY 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326

Fig. 7. A 16-day plot showing the long-term quasi-periodic modulation of the Saturn radio burst intensities. This modulation appears to be
controlled by the orbital position of Dione. with the largest intensities occurring as Dione passes through the local morning region of the
magnetosphere. The orbital phase angle is measured positive eastward from a plane containing the sun and the rotational axis of Saturn. with 00 at
local midnight.
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Fig. 8. The radio emission intensity at 56.2 S .. . ' . R. R. Shaw and I.A. Gurnei. J. (euipbh. Rei.

kHz as a function of the subsolar SLS longi- U0. 4259 (197"); W. S. Kurth. J. 1). C'raven. L.
A. Frank. 1). A. (jurnelt. ibid. 84. 4145 (1979);

tude and the Dione orbital phase angle. -. ;laai _ K. Ronnmark. H. Borg. P. J. ('hristiansen. M.

by .. ~ P. Giough. 1). Jones. Spate S5it. Ret. 22. 4411

6. H. S. Bridge et ad.. Stirmeca 212. 217 1191111.
bywhich this distortion could affect the 4 .- 7. L.. A. Frank. B. Gi. Burek. K. .~ Ackerson. J.

radio emission is not clear. ~.5695 (1980)1.
Saturn's~~~ rGainhsamir~I.(. Mc K. Alkuiock. A it, r, J Phva. 10. 2911097).

Altoug Saurns rtaton as maorC). T. Russell. R. Ei. Holl/er. E J. Smith. T.

effect on the radio emission process. (ieaphvs. Re,%. 74. 7519691: 1.I - Scarf. t) A.
Garnecti. W. S. Kurth. in 1 F. V. (oroiniti. U.

other factors are also involved since the - -- L. Scarf. C. F. Kennel. W. S. Kurth. 1). A.
Ciurnelt GeophvvRev. l1. 7. 451911.intensity of the events varies substantial- Gref ep)i e.L

ly n tme cals o dys.Figre shws9. C. F'. Kennel. F. L.. Scarf. It. W. Fredricks. J.
ly o tie sale ofdays Fiure7 sowsH. Mc~iehee. V~ V. ('oroniti. J (;(,,,ph% s. Re,,

a 16-day plot of the 56.2-kHz intensities , 75. 6136 (197011: W. S. Kurth. t). 1). Barbiisa. 1).
A. (jurnett. F. L.. Scarf. iphva%. Re%. xIt. 7.

centered on closest approach. In addi- , [) If i, "4. '1 . 57(19144)1.

tion to the basic rotational control an 11). t). A. Gume it and R R. Shaw. J. (iephi v. Re%.
78. 816 (19731: D. A. (jurneti. ibid. U0. 2751

overall modulation of the intensities can 119751: W. S. Kurth. 1). A. Gurneit. R. R.

be sen itha prio slghtl les tan dan-dsk symmtris. ropgaton l'- Anderson. ibid.. in press.
be sen itha prtodslihlyles thn 3 awndus asmmeries prpagtio ~t IL D. A. Gurnett and L.. A. Frank. ibid. 82. 10131

days. For instance. intense events are fects due to Dione-induced density varia- 119771: R. P'. tLepping. ibid. $t. 605~9
119761.

present on days 313. 316. 318 and 319, tions in the plasma torus, and phase 12. A. L.. Broadfooct et al. ijtepie 212. 2t06v11981).
321. and 324. Because of the well-known variations in the otilgassing rate due to 13-. M. L.. Kaiser. M . DesMch. J. W. Warwick. J.

B. Pearce. ibid. 209. 1231 1191)):1 M. 1). Desch
control of Jovian radio emissions by the surface asymmetries on Dione. and M. L. Kaiser. Geophevi. Re.v. I.ett.. in pre%%.
moon lo. an obvious explanation of this D. A. GURNETT 14. E. J. Smith elal.Siene 2417. 407 19810):M. H.

Acun-a and N. F. Ness. ibid.. p. 44M.
periodicity is that one of the moons of W. S. KURTH I. B. A. Smith eti al. jenee. 212. 163 4198H1.

Saturn is influencing its radio emissions. Department of Ph .si&. and Astronomny. 16. We thank the entire Voyager team at NASA
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gle of Dione is shown in the bottom panel Space Sciences Department. TRW Diner for their efforts to arrange the wideband
coverage: J. Anderson. P. Jepsen. and CG. Gar-

of Fig. 7. The correlation appears to be Defense and Space SYstems Group. neau for their assistance with the wideband data

quite good. A further analysis using all of Redontdo Beacht, C'alifrnia 90278 processing; C. Stembridge for his help in solving
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the available data shows the radio emis- Scudder. and N. Ness for providing data in
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est radio emission intensities occur when F.MNeburStent21,11191) 9Fbuay98

the subsolar SLS longitude is near 9O*
and Dione is passing through the local
morning region of the magnetosphere.
The best correlation with Dione's posi-
tion occurs during the few weeks aroundAeiil 8
closest approach. when the intensities
are largest. 11't8 tAA&I

The apparent control of the Saturnian D)TIC TA
radio emission intensities by Dione sug- uItazrltouhced
gests that this moon may be involved in a Justtficat iof
strong magnetosphenic interaction, pos-
sibly resembling the interaction of lo
with the Jovian magnetosphere. Most
likely this interaction would imply out- -Distributiol ___

gassing and production of plasma by Availability Codes
Dione. similar to the situation at lo. 'Avail aid/or
Although there is no evidence of volcan--is
ic activity, the photographs of Dione Dit Specia
show white wispy features indicating

the loss of volatile material (I15). Further-
more, the Pioneer I I plasma measure-L d4
ments show a peak in the plasma density
profile near Dione's orbit (7). suggesting
that Dione ts a source of plasma. If
Dione is injecting plasma into the magne-
tosphere. numerous mechanisms could
account for the dependence on orbital
position, including magnotospheric
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